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Accepted 31 December 2015Introduction: Pericranial ﬂaps are widely used for dural repair as they are easily accessible and have a lower rate of
infection than artiﬁcial grafts. Vascularized ﬂaps increase the rate of successful dural closure and minimize the risk
of cerebrospinal ﬂuid leak and infection. However, regional access can be limited by the necessity of maintaining
the vascularized pedicle. Classically, frontal-based vascularized ﬂaps have been used for dural repair after
orbitalfrontal approaches to large anterior fossa meningiomas. We present an alternative lateral temporal-based
ﬂap for dural repair in orbitalfrontal approaches.
Surgical Technique & Methods: Two cases are presented where a temporal-based ﬂap was used. In the two cases pre-
sented, we found that temporal-based pericranial ﬂaps can be harvested with preservation of blood supply and can
achievewatertight dural closure. The surgical technique and relevant anatomy are described. Surgical results and clinic
follow up are reported.
Conclusions:A temporal-basedpericranialﬂap represents an alternative vascularizedpedicleﬂap to the classic frontal-based
pericranial ﬂap used in orbitofrontal dural repair. In certain clinical settings, the temporal-based ﬂapmay be preferable.
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
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Vascularized pericranial grafts act as the major protective aspect of
skull base reconstructions [1]. In the anterior skull base, vascularized
grafts have been reported as superior in preventing CSF leakage and in-
fection. Adequate bony and dural edges for anastomoses with non-
vascularized ﬂaps are believed to play an important role in revasculari-
zation by allowing direct contact of tissues. The anterior skull base does
not provide adequate bone or dural edge contact with non-vascular
ﬂaps, which may result in CSF egress; therefore, vascularized ﬂaps
with their propensity to “heal and seal” are more desirable [2].
Concern that local vascularized ﬂaps may be of insufﬁcient size
when used for an anterior skull base approach to repair signiﬁcant de-
fects has been identiﬁed as a disadvantage to their use [3]. However,
the size of available local ﬂaps varies depending on the approach. This
is a less signiﬁcant concern with larger cranial approaches with access
to anterior or lateral based pericranial ﬂaps but becomes more relevant
in approaches such as the orbitofrontal approaches to the anterior cra-
nial Fossa. anterior based ﬂaps are commonly harvested for anterior
skull base defects.We have found that laterally based ﬂaps are a reason-
able alternative and here we present two cases with a description of the
relevant surgical technique and vascular anatomy. Historical consider-
ations and a comprehensive review of the literature are also included.5 934 3559.
pen access article under the CC BY-N2. Patients methods
A temporal-based pedicle ﬂap was used for dural closure in two pa-
tients undergoing craniotomy for orbitalfrontal pathology. Both patients
had clinical follow up at six months.
2.1. Surgical technique
We found that a temporal-based pedicleﬂaps can be rotatedwithout
tension and are capable of achieving a tight dural closure. We used a
pterional-type incision and separated the skin and galea from the peri-
cranium. The superﬁcial temporalis fascia covering the temporalis mus-
cle was dissected and retracted forward. The pericranial ﬂap was
dissected off of the cranium with the temporalis fascia intact. The
vascularized pedicle was preserved at the temporal aspect and separat-
ed from the temporalis fascia. The superﬁcial fat pad and frontalis nerve
were protected. The ﬂap was folded laterally to prepare for the craniot-
omy. Once the intracranial approach was complete, the dural edges
were prepared with sutures to oppose the temporal based ﬂap to the
existing dura. (Figs. 1 and 2).
3. Results
The ﬁrst patientwas a 70-year-old right handedwhite femalewith a
large olfactory groove meningioma. She underwent a left pterional cra-
niotomy for tumor resection. The dura was closed using a lateralC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Dissection of temporal-based vascularized pericranial ﬂap to cover ipsilateral frontal lobe. Panel A. After pterional-type incision, skin and galea are separated from pericranium cov-
ering the temporalis muscle (white arrow) and retracted forward. The extension of the tumor is outlined with a blue marker (black arrow). Panel B. The pericranium is released at the
anterior aspect (short white arrow) just posterior to the orbital rim. Panel C. The ﬂap is dissected off the cranium with the temporalis fascia intact. Observe the vascularized pedicle left
in the temporal aspect (short black arrow). Panel D. The ﬂap is folded temporally to prepare for the craniotomy. Note that the temporalis muscle is preserved (black arrow).
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well without any sign of CSF-leak. (See Fig. 3A-B).
The second patient was a 50-year-old right-handed black male who
initially presented with an orbitofrontal meningioma. He underwent a
right pterional craniotomywith dural closure using a lateral based peri-
cranial ﬂap. At 1 year follow-up he had recoveredwell without any sign
of CSF-leak. (See Fig. 4A-B).
4. Discussion
4.1. Historical considerations
The need for watertight dural closure to avoid a CSF leak mandates
meticulous closure of even small dural defects following skull base sur-
gery [4]. Pericranial ﬂaps have been used for the repair of dural defects
for over 30 years [5]. However, the need for graft material for the repair
of large dural defects has a longer history. As early as the 1890s, synthet-
ic metal foils were used [6]. In 1890, Beach suggested gold foil for the
prevention of adhesion formation and in 1895, Abbe reported the use
of rubber for the repair of dural defects [7,8]. Polymer-based materials
such as Dacron, Orlon and cellulose have also been used [6,9,10]. How-
ever, complications such as infection, non-union due to difﬁculty inte-
grating with native tissue, adhesions and hematoma formation
contributed to their disfavor [6]. Nevertheless, synthetic materialscontinue to be developed and studied including the more recent intro-
duction of synthetic cellulose grafts [8]. Synthetic grafts made from
PTFE or polyester urethane are other available examples. In addition
to the early use of synthetic materials, many surgeons have utilized
vital graft material for this purpose. In 1984, Horowitz et al. concluded
that pericranial ﬂaps were reliable, easy to manipulate, associated
with minimal morbidity, and could be used to add bulk for cosmesis
and to provide blood supply to poorly vascularized tissue [11].
4.2. Vital versus artiﬁcial grafts
It has been suggested that synthetic grafts may be associated with
chronic aseptic inﬂammation and poorer strength and sealing proper-
ties, however they continue to be developed and studied. Advantages
of synthetic grafts include time saved avoiding harvest, as well as their
ease of use [12]. Disadvantages to these grafts have been reported and
include handling difﬁculties, poor sealant properties, and higher infec-
tion rates [2,12].
Vital grafts include autografts, allografts and xenografts. Allografts
can be acellular human dermis, pericardium or cadaveric human dura.
Theﬁrst collagen allograftwas used by Finster in 1910 [6]. In 2000,War-
ren et al. reported favorably on their experience with 200 cases with
acellular human dermis [13]. Xenografts are also available as collagen
based dural substitutes [6]. Pericranium, temporalis fascia and fascia
Fig. 2. Dural closure with temporal-based vascularized pericranial ﬂap after tumor resection. Panel A. Surgical site after craniotomy and tumor resection. The dural edge (black arrow),
temporalis muscle (long white arrow), and pericranial ﬂap (short black arrow) are shown. Panel B. Sutures are placed in order to oppose the pericranial ﬂap and the existing dura
(short white arrow). Panel C. The ﬂap is pulled anteromedially to cover the dural defect. Panel D. View from within the anterior aspect of the dural closure. Panel E. The dural defect is
completely closed and the brain is easily covered. Panel F. The bone ﬂap is replaced. Note the small muscle cuff for reattachment of the temporalis muscle (black arrow).
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preferable biologic responses compared to synthetic grafts including re-
duced inﬂammatory responses. There may additionally be the possibil-
ity for remodeling with host cells and native vasculature [6].
However, reports in the literature raise concern for the use of allo-
grafts and xenografts due to increased host immune response and the
risk of transmitting prion-related diseases [2]. Allografts, in particular
cadaveric dural grafts, have been rarely associated with cases of trans-
missible spongiform encephalopathy, such as Creutzfeld-Jacob disease,
and could potentially be the source of additional infectious agents [6,8].
4.3. Vascularized versus non-vascularized autografts
In the ENT literature, free (non-vascularized) grafts have been re-
ported to be reliable for repair of smaller dural defects. They are pro-
posed to be less technically difﬁcult to manipulate compared to local
vascularized ﬂaps [14]. However, vascularized ﬂaps are thought toFig. 3. 3-month postoperative contrastedMR-brain of patient with large olfactory meningioma
cerebral surface and there is no sign of CSF-leak.provide the ability for faster healing secondary to their inherent viabil-
ity. For larger dural defects, the use of local vascularized pedicle ﬂaps
is increasingly used for endoscopic skull base reconstruction by otolar-
yngologists. Harvey et al. found a signiﬁcant decrease in the rate of
CSF leaks when vascularized ﬂaps were used compared to free grafts
[15]. Other concerns for non-vascularized free ﬂaps have been reported.
These include technical complexity of free tissue transfer and potential
for muscular free ﬂaps to interfere with radiographic surveillance for
local recurrence [16]. Of note, the technical complexity has been cited
as both an advantage and disadvantage for the use of free ﬂaps [14,
16]. This disparity is likely attributed to variations in the surgical ap-
proach, planned type of freeﬂapwith related necessary skills associated
with harvesting each type, and speciﬁc anatomy associated with differ-
ent defects, including size.
Disruption of the vasculature of the pericranial ﬂap has been impli-
cated in a variety of complications. A series including 80 subjects under-
going resection of olfactory groove meningiomas found the mostresected. A: Axial. B: Coronal. Observe the temporal based pericranial ﬂap is following the
Fig. 4. 1-month postoperative contrastedMR-brain of patientwith a large orbitofrontalmeningioma resected. A: Axial. B: Coronal. Observe the temporal based pericranial ﬂap is following
the cerebral surface and there is no sign of CSF-leak.
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Other complications include reduced healing times, pneumocephalus,
infection and ﬁstula formation [17]. Additionally, hypertrophy and sub-
sequent mass effect of the pericranial ﬂap may occur. Than et al. de-
scribed a case in which they hypothesized that venous congestion
secondary to boneﬂap restriction resulted in hypertrophy of theﬂap tis-
sue [5]. Such complications are potentially avoided with use of a
vascularized pericranial graft.
Previously, most anterior cranial fossa tumors have been resected
through a bicoronal approach and anterior ﬂaps have been harvested.
The emergence of the pterional route for resection of these tumors in-
troduces the potential for new methods of harvesting pericranial ﬂaps.
The important distinction between a free versus a pedicle ﬂap is the
latter's continuous blood supply. It has been thought that the frontal-
based ﬂaps have a better vascular supply compared to laterally-based
ﬂaps and therefore would be more viable over time. We have found
no deﬁnitive reason for why this would be true and until there is evi-
dence for a lack of sufﬁcient circulation for lateral temporal-based
ﬂaps, their use should not be abandoned.
4.4. Vascular anatomy
The pericranium has a dual blood supply; directly from peripheral
vessels arising from the internal and external carotid arteries as well
as from perforators to the galea [11]. While galeal perforator supply is
necessarily lost during graft harvest, maintenance of a pedical allows
preservation of a vascular supply to the tissue.
Yoshioka and Rhoton described the deep vascular supply for anterior
based pericranial ﬂaps. They concluded that preservation of vasculature
is best attained by not separating the pericranium from the galea-
frontalis to the level of the orbital rim. Deep branches of both the
supratrochlear and supraobrital arteries supply the pericranial layer
versus the superﬁcial branch of the supraorbital artery to the galeal-
frontalis muscle layer and the superﬁcial branch of the supratrochlear
artery to themore superﬁcial layers of the scalp. They identiﬁed 2 alter-
native anatomical sites where branching of the supraorbital artery into
deep and superﬁcial branches occurs, namely either at the orbital rim
(80%) or just above (20%). The supraorbital artery was noted to some-
times have lateral anastomoses with the superﬁcial temporal artery.
The supratrochlear artery was observed to branch at the level of or
below the orbital rim in the majority of specimens (92%) with the re-
maining branching occurred 810 mm above the orbital rim within the
corrugator supercilli muscle. The transverse supraorbital vein was
found at the level of the orbital rim (56.2%) or 6.5–11 mm above
(43.8%) [18].Sekhar et al. previously described using grafts of facsia lata or parie-
tal pericranium for reconstruction of dural defects of the skull base in
conjunction with anterior based pericranial ﬂap with preservation of
the supraorbital and supratrochlear vessels and additional autologous
fat to pack dead space. In addition to the preservation of vasculature,
elimination of dead space is associated with decresaed risks of compli-
cations, e.g. infection and CSF leak [4].
The blood supply to the temporal–parietal fascia is the superﬁcial
temporal and deep temporal arteries. Other important anatomical con-
siderations for harvesting a laterally based ﬂap include superﬁcial tem-
poral veins and the temporal branch of the facial nerve, which is
encountered just below the temporoparietal fascia. The fascia covers a
surface area from the pre-auricular to the parietal region, reported to
be approximately 17 × 14 cm [19].
Surgical techniques for utilizing a lateral based pericranial ﬂap in-
cluding the temporal fascia or muscle has been previously described.
Fortes et al. found temporoparietal fascial ﬂaps to be a reliable and ver-
satile for reconstruction of the skull base for expanded endonasal
appraoches. They attributed predictable vascular anatomy and relative
ease of rotation with a long vascular pedicle to the versatility of its use
in reconstruction [19]. Delashaw et al. described a technique for har-
vesting a vascularized ﬂap for repair of dural defects or obliteration of
the frontal sinus in the context of supraorbital craniotomy. The authors
recommended harvesting laterally-based pericranium including a
temporalis muscle ﬂap [20].
Of note, both Delashaw and Yano appear to have included the
temporalis fascia in their lateral temporal-based pericranial ﬂaps [20,
21]. This is distinctly different from our proposed technique where the
pericranial ﬂap is dissected off the superﬁcial temporal fascia. The addi-
tional strength provided by incorporating the temporalis muscle in
vascularized lateral-based ﬂaps adds to its utility in the reconstruction
of signiﬁcant defects associatedwith large temporally based approaches
[1].
4.5. Additional considerations
The increasing use of peri-operative radiation and concern for using
local pericranial ﬂaps has been cited as a growing concern in recent lit-
erature [3]. Radionecrosis in patients undergoing radiotherapy repre-
sents another potential complication related to dural repair. Yano
et al. proposed that pericranial ﬂaps should be reconsidered in light of
the growing use of radiotherapy in skull base tumors [21]. In their arti-
cle, they reviewed 25 anteriorly based and 4 laterally based pericranial
ﬂaps and concluded that pericranial ﬂaps were reliable for skull base re-
construction in patients with planned post-operative radiotherapy but
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py. They found no signiﬁcant increase in complication rates when they
compared 25 anterior ﬂaps to 4 lateral based ﬂaps [21]. The small sam-
ple sizemay limit the generalizability of theseﬁndings. Nonetheless, the
ﬁndings are suggestive that further studies comparing the use of anteri-
or versus laterally based pericranial ﬂaps are warranted. These consid-
erations suggest that further investigation comparing anterior and
lateral pericranial ﬂaps in terms of reliability, durability, signiﬁcance of
vasculature and complication rates will be beneﬁcial in future practice.
Additionally, temporal based ﬂaps seem to be esthetically favorable
compared to the small supraorbital bulge sometimes caused by the
frontal based ﬂap. We propose that laterally based vascularized pedicle
ﬂaps are a viable alternative to harvesting anterior based ﬂaps and
should not be abandoned in practice. Further study of complications
and outcomes comparing lateral versus anterior based pericranial
ﬂaps is warranted.
5. Conclusions
In the setting of prior surgery, local pathology producing interrup-
tion of an anterior-basedﬂap, esthetic concerns, or simply surgeon pref-
erence, a lateral temporal-basedﬂapprovides an excellent alternative to
a more traditional frontal pericranial ﬂap.
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